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generating a detected voltage in response to the received RF 
poWer. The detecting diode has an anode coupled to the RF 
input and a cathode coupled to the detector output. The 
variable RC circuit comprises a capacitor and a control 
circuit. The capacitor has a ?rst lead coupled to the cathode 
of the detecting diode and a second lead coupled to the 
control circuit. The control circuit has a control output 
containing a varying resistance coupled to the second lead of 
the capacitor. The variations in the varying resistance result 
in the compensation of the detected voltage. 
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COMPENSATED RF POWER DETECTOR 

FIELD OF THE INVENTION 

The present invention relates, in general, to RF power 
detectors used in power control circuits and, in particular, to 
a method and apparatus for preventing poWer ampli?er 
saturation. 

BACKGROUND OF THE INVENTION 

AWireless communication system, for example, a Global 
System for Mobile (GSM) system is a standardized system 
established by the European Telecommunication Standards 
Institute (ETSI) that de?nes a common method of commu 
nication betWeen a mobile telephone (mobile station) and a 
base station. The GSM system uses a Time Division Mul 
tiple Accessing (TDMA) signaling mode to utiliZe the 
available channel frequencies. The TDMA signaling mode 
de?nes a carrier frequency comprising eight TDMA chan 
nels having eight time slots With each time slot allocated to 
one mobile station Within a geographic area. Each TDMA 
channel has a time duration of 4.615 ms and each timeslot 
has a duration of 577 gs. Each time slot carries either speech 
or control data in a burst form. 

The Wireless communication system may use an Ampli 
tude Modulation (AM) scheme to modulate the carrier 
frequency With information. The Wireless communication 
system uses a transmitter to transmit the modulated RF 
signals and a poWer ampli?er to linearly amplify the modu 
lated RF signal to be transmitted. The ampli?er is required 
to ramp up to a speci?c poWer level, transmit the signal 
containing information, and to ramp doWn to a speci?ed 
poWer level in the de?ned amount of time in order to avoid 
interference With an adjacent time slot. 

PoWer ampli?ers are biased to operate Within the speci?ed 
constraints With maximum ef?ciency and linearity. The 
ampli?er’s optimiZed bias point or Q-point should be 
de?ned as having a safe Zone betWeen the operating point 
and the 1 dB gain compression point to alloW the ampli?er 
to operate as ef?ciently as possible With minimum distortion. 
Operating conditions of the poWer ampli?er such as extreme 
temperature variations affect characteristics of the poWer 
ampli?er, for example, the poWer ampli?ers 1 dB gain 
compression point, causing the poWer ampli?er to operate 
closer to saturation With extreme temperature conditions. 

Turning noW to FIG. 1, Where an exemplary prior art 
PoWer Control Loop (PCL) used in Wireless communication 
systems, such as a GSM system, is illustrated and denoted 
generally as 10. PCL 10 comprises a PoWer Ampli?er (PA) 
12 having a ampli?er input and a ampli?er output coupled 
to a RF input 14 for receiving RF input poWer Pi and a RF 
output 16 for supplying a linearly ampli?ed RF output 
poWer PO. A variable attenuator 18 disposed betWeen RF 
input 14 and PA 12 comprises a input coupled to RF input 
14 and a output coupled to the ampli?er input. Variable 
attenuator 18 further comprises a control input 20 for 
controlling the attenuation level at RF input 14. 
PCL 10 further comprises a directional coupler 22 

coupled to RF output 16 for coupling a portion, E0, of output 
poWer P0 through the feedback path. PCL 10 further com 
prises a RF poWer detector 24 for rectifying and linearising 
coupled poWer E0. RF poWer detector 24 comprises a 
detector input coupled to directional coupler 22 and a 
detector output containing a detected signal VD. RF poWer 
detector 24 may comprise a detector circuit for rectifying the 
coupled poWer E0 and a lineariZer for logarithmically ampli 
fying detected voltage VD_ 
PCL 10 further comprises a comparator 30 having an 

inverting input 32 coupled to detector output containing 
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2 
detected voltage VD and a non-inverting input coupled to a 
supply reference terminal 34 containing a supplied reference 
voltage VR. Supplied reference voltage VR supplied by an 
external source such as a Digital Signal Processor or Appli 
cations Speci?c Integrated Circuit (ASIC) is a correct rep 
resentation output poWer P0. Comparator 30 compares 
detected signal VD and reference signal VR and supplies the 
difference, an error signal VE, Which is ?ltered through a 
loop ?lter 36. The ?ltered signal, a control signal VC, adjusts 
the attenuation level correcting any deviation in output 
poWer P0. 

Refering noW to FIG. 2, Where a schematic vieW of prior 
art RF poWer detector 24 is illustrated. RF poWer detector 24 
comprises a detecting diode 50 for rectifying proportional 
poWer E0. Detecting diode 50 is coupled to a detector input 
52 through a coupling capacitor 54 and a input matching 
circuit 56. Detecting diode 50 is coupled to a detector output 
58 through a lineariser 60. RF poWer detector 24 further 
comprises detecting diode 50 coupled to detector output 58 
through a lineariser 60. RF poWer detector 24 further com 
prises a RC circuit 64 comprising a capacitor 66 coupled in 
series With a resistor 68. RC circuit 64 is coupled in parallel 
betWeen lineariser 60 and detecting diode 50. RC circuit 
may be tuned to control the amount of detected voltage Vd 
seen across RC circuit 64. 

PCL 10 uses negative feedback to control the gain of PA 
12 so that PA 12 ramps up, transmits and ramps doWn Within 
the speci?ed time and With minimum distortion. Error signal 
V5 is used to adjust the operating point so that output poWer 
P0 is maintained Within requirements. HoWever, if PA 12 is 
operating at extreme temperatures, characteristics of PA 12 
vary affecting the efficiency and linearity of the device. For 
example, the 1 dB gain compression decreases causing the 
margin betWeen the operating point and the 1 dB gain 
compression point to decrease. Decreasing the margin 
betWeen the operating point and the 1 dB gain compression 
point causes the ampli?er to operate too close to saturation 
resulting in distortion and non-linearity Which produces 
spectral groWth. 
As may be seen an improved apparatus to adjust the 

operating point of a RF poWer ampli?er according to 
extreme temperatures could prevent RF poWer ampli?er 
saturation under extreme temperature conditions. 

SUMMARY OF THE INVENTION 

The present invention presents an improved apparatus for 
preventing poWer ampli?er saturation When used in poWer 
control circuits. 
The invention provides a compensated RF poWer detector 

utiliZed in poWer control circuits for preventing poWer 
ampli?er saturation. A poWer ampli?er uses a poWer control 
circuit to maintain the poWer ampli?er as ef?ciently and 
linearly as possible Without distortion. The operating point 
of the poWer ampli?er is de?ned as close to the 1 dB gain 
compression point as possible for maximum ef?ciency and 
linearity With minimum distortion. HoWever, extreme tem 
perature conditions affect the 1 dB gain compression point 
causing the poWer ampli?er to operate too close to saturation 
resulting in distortion or spectral groWth. 

In an embodiment, the compensated RF poWer detector 
comprises a RF poWer detector and a variable RC circuit. 
The RF poWer detector has an RF input for receiving RF 
poWer, a detector output for supplying a compensated 
detected voltage and, a detecting diode for generating a 
detected voltage in response to the received RF poWer. The 
detecting diode has an anode coupled to the RF input and a 
cathode coupled to the detector output. The variable RC 
circuit comprises a capacitor and a control circuit. The 
capacitor has a ?rst lead coupled to the cathode of the 
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detecting diode and a second lead coupled to the control 
circuit. The control circuit has a control output containing a 
varying resistance coupled to the second lead of the capaci 
tor. The variations in the varying resistance result in the 
compensation of the detected voltage. 

In the embodiment, the RF poWer detector further com 
prises a coupling capacitor having a ?rst lead coupled to the 
RF input and a second lead coupled to the anode of the 
detecting diode. The RF poWer detector further comprises an 
input matching circuit disposed betWeen the coupling 
capacitor and the detecting diode and, a lineariser disposed 
betWeen the PIN diode and the RF output. 

In the embodiment, the control circuit further comprises 
a PIN diode having an anode and a cathode, With the cathode 
of the PIN diode coupled to a ground potential and the anode 
of the PIN diode coupled to the control output. The PIN 
diode generates the variable resistance at the control output. 
The control circuit further comprises a bias voltage source 
coupled to the anode of the PIN diode for supplying a bias 
current. A temperature dependent resistor is disposed 
betWeen the PIN diode and the bias voltage source and has 
a ?rst lead coupled to the bias voltage source and a second 
lead coupled to the anode of the PIN diode. The resistance 
of temperature dependent resistor varies across different 
temperatures and affects the amount of bias current supplied 
to the PIN diode according to temperature. 

In the embodiment, the control circuit comprises a resistor 
disposed betWeen the temperature dependent resistor and the 
PIN diode. The control circuit further comprises a capacitor 
having a ?rst terminal coupled to ground potential and a 
second terminal coupled betWeen the resistor and the tem 
perature dependent resistor. The control circuit further com 
prises a inductor disposed betWeen the resistor and the anode 
of the PIN diode. 

In an alternative embodiment, the control circuit com 
prises a PIN diode having a cathode coupled to ground and 
a anode coupled to the control output. The PIN diode 
generates the variable resistance at the control output. The 
control circuit further comprises a bias voltage source for 
biasing the diode and an operational ampli?er having a 
output containing a temperature dependent voltage coupled 
to the anode of the PIN diode through a second resistor. The 
operational ampli?er has a non-inverting input coupled to 
the bias voltage source through a temperature dependent 
voltage divider and a inverting input coupled to the tem 
perature dependent output through a third resistor and to 
ground potential through a fourth resistor. 

In the alternate embodiment, the temperature dependent 
voltage divider further comprises a temperature dependent 
resistor and a second resistor. The temperature dependent 
resistor having a ?rst lead coupled to the bias voltage source 
and a second lead coupled to the inverting input. The second 
resistor coupled from ground potential to the second lead of 
temperature dependent resistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, including its features and advantages, reference is 
made to the detailed description of the invention, taken in 
conjunction With the accompanying draWings of Which: 

FIG. 1 is a block diagram of a prior art poWer control 
loop; 

FIG. 2 is a block diagram of a prior art RF poWer detector; 
FIG. 3 is a control circuit according to an embodiment of 

the invention; 
FIG. 4 is a control circuit according to an alternative 

embodiment of the invention; 
FIG. 5 is a compensated RF poWer detector according to 

an embodiment of the invention; and 
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4 
FIG. 6 is a poWer control loop utiliZing the compensated 

RF poWer detector according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

While the use and implementation of particular embodi 
ments of the present invention are presented in detail beloW, 
it Will be understood that the present invention provides 
many inventive concepts, Which can be embodied in a Wide 
variety of conteXts. The speci?c embodiments discussed 
herein are merely illustrative of speci?c Ways to make and 
use the invention and are not intended to limit the scope of 
the invention. 

Referring noW to FIG. 3, therein is illustrated a control 
circuit 100 according to an embodiment of the invention. 
Control circuit 100 comprises a PIN diode 102 having a 
cathode coupled to ground and an anode coupled to a control 
output 104 and coupled to a voltage source VS1 through a 
Negative Temperature Coef?cient (NTC) resistor RT1 (T) 
and resistor R51. NTC resistor RT1 (T) and resistor RB1 
determine the amount of bias current I B1(T) supplied to PIN 
diode 102 at a speci?c temperature. Bias current IB1(T) 
applied to PIN diode 42 creates a temperature dependent 
resistance RD1(T) across PIN diode 102. 

Control circuit 100 may further comprise a inductor L1 
disposed betWeen PIN diode 102 and resistor RB1 for 
blocking any RF signal that may be present at control output 
104. Control circuit further comprises a capacitor C1 having 
one terminal coupled betWeen resistor R B1 and NTC resistor 
RT1(T) and a second terminal coupled to ground to create a 
short for any RF signal present. 
The resistance of NTC resistor RT1(T) at a speci?c 

temperature T may be determined by equation 1. 

Resistance Rref is the resistance at a reference temperature, 
typically 25 degrees Celsius, and parameter CT is a curve 
parameter de?ned at temperature T and tabulated by the 
manufacture. Resistance Rref and the corresponding curve 
parameter determines the resistance over a broad range of 
temperatures. Equation 1 may be used to determine the value 
of NTC resistor RT1(T) so that an appropriate decrease in 
resistance at control output 104 may be realiZed at a tem 
perature level T. 
A resistance ratio, r, is used to determine the amount of 

bias current I B1(T) supplied to PIN diode 42 at a predeter 
mined temperature level. The resistance ratio is the ratio 
betWeen the resistance of a resistor at a poWer level and the 
resistance of the resistor at a reduced poWer level, for 
eXample, as a result of increased temperature levels. For 
eXample, if a RC circuit used in a RF poWer detector 
required a resistance of 20 Ohms to achieve an output poWer 
of 46.5 dBm and a resistance of 25 Ohms in order to achieve 
an output poWer of 46.0 dBm, then the resistance ratio, r, 
Would equal 0.8. Once the required resistance ratio is 
de?ned, the value of resistor RB1 can be determined by 
equation 2. 

Eq. 1 

1 
RM W — RTAT) Eq' 2 

l 
l — r7? 

Where resistance RD1(T) is the resistance across PIN diode 
42 and A and k are the parameters of PIN diode 42 
determined by the manufacturer. Bias current IB1(T) is the 
amount of DC current supplied to PIN diode 42 at a speci?c 
temperature T determined by equation 1 and 2. Temperature 
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dependent resistance R D1 across PIN diode 42 created by the 
application of bias current I B1(T) is illustrated in equation 3. 

For example, using a HeWlett Packard PIN diode HSMP 
3834 and a Thermometrics NTC resistor; k equals 0.9327, r 
equals 0.25 and reference resistance Rref equals 2252 Ohms. 
At a temperature T equals 70 degrees Celsius the curve 
parameter CT equals 0.1752 and NTC resistor RT1(T) equals 
395 Ohms and resistor RB1 equals 148 Ohms. If 150 Ohms 
is used for resistor R51, output resistance RD1(T) of bias 
control circuit 30 Will decrease 4 times When the tempera 
tures increases from 25 degrees Celsius to 70 degrees 
Celsius. 

Turning noW to FIG. 4, Where an alternative control 
circuit is illustrated and denoted generally as 110. Control 
circuit 110 comprises an operational ampli?er 112 having a 
non-inverting input coupled to a voltage source VS2 through 
a voltage divider and a inverting input coupled to an output 
terminal 114 containing a temperature dependent voltage 
VOP(T) through a resistor R03. The voltage divider com 
prises a Negative Temperature Coef?cient (NTC) resistor 
RH(T) and a resistor R B2 for providing varying resistance at 
different temperature levels. By varying the amount of 
resistance the amount of bias current IB2(T) can be changed 
over varying temperatures causing output voltage VOP(T) to 
vary With temperature as can be seen from equation 5. 

E 
L 
1 R12(T) 

E.5 
+1 q 

Control circuit 110 further comprises a resistor RO4 having 
one lead coupled to the inverting input of operational 
ampli?er 112 and a second lead coupled to ground. Control 
circuit 110 further comprises a PIN diode 116 having a 
cathode coupled to ground and an anode coupled to output 
terminal 114 through a resistor R05. By applying output 
voltage VOP(T) across PIN diode 116 a temperature depen 
dent resistance is created as can be seen from a control 
output 118. 

The resistance of NTC resistor RH(T) at a speci?c 
temperature T may be determined by equation 6. 

Resistance Rref is the resistance at a reference temperature, 
typically 25 degrees Celsius, and parameter CT is a curve 
parameter de?ned at temperature T and tabulated by the 
manufacture. Resistance Rref and the corresponding curve 
parameter de?nes the resistance over a broad range of 
temperatures. Equation 3 may be used to determine the value 
of NTC resistor Rn(T) so that an appropriate decrease in 
resistance RD2(T) at control output 118 may be realiZed at a 
temperature level T. 

Turning noW to FIG. 5, Where a compensated RF poWer 
detector is illustrated and denoted generally as 130. Com 
pensated RF poWer detector 130 comprises a detecting diode 
132 for detecting RF input poWer Pin coupled to a detector 
input 134 containing RF input poWer Pin through a coupling 
capacitor 136 and a input matching circuit 138. Compen 
sated RF poWer detector 130 further comprises detecting 
diode 132 coupled to a detector output 140 through a 
lineariser 142. Although compensated RF poWer detector 
130 as illustrated utiliZes lineariser 142, those of skill in the 
art Will appreciate that detector circuit may also include a 
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6 
lineariser having a compensation circuit, such as a tempera 
ture compensation circuitry. Compensated RF poWer detec 
tor 130 further comprises a variable RC circuit 146 com 
prising a capacitor 148 having a ?rst lead coupled to the 
cathode of detecting diode 32 and a second lead coupled in 
series to control output 104 of control circuit 100. 

Compensated RF poWer detector 130 comprises a RF 
poWer detector having the resistor of the RC circuit replaced 
by control circuit 100 to create at eXtreme temperature 
conditions a temperature dependent detected signal Vd1(T) 
across variable RC circuit 146. Although compensated RF 
poWer detector 130 is illustrated and is discussed With 
reference to control circuit 100, compensated RF poWer 
detector 130 may utiliZe either control circuit 100 or 110. 

Turning noW to FIG. 6, Where a PoWer Control Loop 
(PCL) utiliZing compensated RF poWer detector 130 is 
illustrated and denoted generally 180. A PoWer Ampli?er 
(PA) 182 is coupled to a RF input 184 for receiving RF input 
poWer Pin and a RF output 186 for supplying a linearly 
ampli?ed RF output poWer Pom. A variable attenuator 188 
disposed betWeen RF input 184 and PA 182 comprises a 
input coupled to RF input 184 and a output coupled to PA 
182. Variable attenuator 188 further comprises a control 
signal input 190 for controlling the attenuation level at RF 
input 184. 
A directional coupler 192 is coupled to RF output 186 for 

coupling a portion, E01, of output poWer Pout through the 
feedback path to compensated RF poWer detector 130. 
Compensated RF poWer detector 130 comprising a RF 
poWer detector coupled to a variable RC circuit 146 recti?es 
and linearises coupled poWer EO1 to provide a detector 
output VD1(T). A comparator 198 having a inverting input 
200 coupled to compensated RF poWer detector 130 con 
taining detected output VD1(T) and a non-inverting input 
202 containing a supplied reference signal VRl. Supplied 
reference signal VRl, may be supplied by an external source 
such as a Digital Signal Processor or Applications Speci?c 
Integrated Circuit (ASIC), represents the correct output 
poWer Pom. Comparator 198 compares detected signal VD1 
(T) and reference signal VR1 and supplies a error signal 
VE(T) Which is ?ltered through a loop ?lter 36. The ?ltered 
signal, a control signal VC(T), adjusts the attenuation level 
correcting the operating point to compensate for a decrease 
in the 1 dB gain compression point due to eXtreme tempera 
ture conditions. 
PCL 180 uses negative feedback to control the gain of PA 

182 so that PA 182 ramps up, transmits and ramps doWn 
Within the speci?ed time With minimum distortion. Error 
signal VE(T) is used to adjust the operating point so that PA 
182 operates as ef?ciently as possible across all temperature 
ranges. Variable RC circuit 146 helps ?atten the frequency 
response of the RF poWer detector. By reducing frequency 
response of the RF poWer detector a reduction in errors at the 
RF output can be realiZed. 

While this invention has been described With reference to 
particular embodiments, this description is not intended to 
be limiting. Various modi?cations and combinations of the 
illustrative embodiments, as Well as other embodiments of 
the invention, Will be apparent to persons skilled in the art. 
It is, therefore, intended that the appended claims encompass 
any such modi?cations or embodiments. 
What is claimed: 
1. A compensated RF poWer detector comprising: 
a RF poWer detector having a RF input for receiving RF 

poWer, a detector output for supplying a compensated 
detected voltage, a detecting diode for generating a 
detected voltage in response to received RF poWer, said 
detecting diode having a anode coupled to said RF 
input and a cathode coupled to said detector output; and 

a variable RC circuit comprising a capacitor and a control 
circuit, said capacitor having a ?rst lead coupled to said 
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cathode of said detecting diode and a second lead 
coupled to said control circuit, said control circuit 
having a control output containing a temperature 
dependent resistance coupled to said second lead of 
said capacitor. 

2. The cornpensated RF poWer detector as recited in claim 
1, Wherein said RF poWer detector further comprises: 

a coupling capacitor having a ?rst lead coupled to said RF 
input and a second lead coupled to said anode of said 
detecting diode; 

a input matching circuit disposed betWeen said coupling 
capacitor and said detecting diode; 

a lineariZer disposed betWeen said detecting diode and 
said RF output; and 

a bias voltage source coupled to said detecting diode 
through a resistor and said input matching circuit. 

3. The cornpensated RF poWer detector as recited in claim 
1, Wherein said control circuit further comprises; 

a PIN diode having a anode and a cathode, said cathode 
of said PIN diode coupled to a ground potential and 
said anode of said PIN diode coupled to said control 
output, said PIN diode generating said variable resis 
tance at said control output; 

a bias voltage source coupled to said anode of said PIN 
diode for supplying a bias current; and 

a temperature dependent resistor disposed betWeen said 
PIN diode and said bias voltage source and having a 
?rst lead coupled to said bias voltage source and a 
second lead coupled to said anode of said PIN diode, 
the resistance of temperature dependent resistor vary 
ing across different temperatures affecting the amount 
of said bias current supplied to said PIN diode. 

4. The cornpensated RF poWer detector according to claim 
3, Wherein said control circuit further comprises; 

a resistor disposed betWeen said temperature dependent 
resistor and said PIN diode; 

a capacitor having a ?rst terrninal coupled to ground 
potential and a second terminal coupled betWeen said 
resistor and said temperature dependent resistor; and 

a inductor disposed betWeen said resistor and said anode 
of said PIN diode. 

5. The cornpensated RF poWer detector according to claim 
1, Wherein said control circuit further comprises; 

a PIN diode having a cathode coupled to ground and a 
anode coupled to said control output, said PIN diode 
generating said variable resistance at said control out 
Put; 

a bias voltage source for biasing the diode; 
a operational arnpli?er having a output containing a 

temperature dependent voltage, said output of said 
operational arnpli?er coupled to said anode of said PIN 
diode through a second resistor, said operational arnpli 
?er having a non-inverting input coupled to said bias 
voltage source through a temperature dependent volt 
age divider and a inverting input coupled to said 
temperature dependent output through a third resistor 
and to ground potential through a fourth resistor. 
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6. The operational arnpli?er according to claim 5, Wherein 

said temperature dependent voltage divider further corn 
prises; 

a temperature dependent resistor having a ?rst lead 
coupled to said bias voltage source and a second lead 
coupled to said inverting input; and 

a resistor coupled from a ground potential to the second 
lead of temperature dependent resistor. 

7. Acontrol circuit having a control output With a variable 
resistance, said control circuit comprising; 

a Pin diode having a cathode coupled to a ground potential 
and a anode coupled to said control output, said PIN 
diode generating said variable resistance at said control 
output; 

a bias voltage source for biasing the diode; 
a operational arnpli?er having a output containing a 

temperature dependent voltage, said output of said 
operational arnpli?er coupled to said anode of said PIN 
diode through a second resistor, a non-inverting input 
coupled to said bias voltage source through a tempera 
ture dependent voltage divider, the temperature depen 
dent voltage divider having a temperature dependent 
resistor, and a inverting input coupled to said tempera 
ture dependent output through a third resistor and to 
ground potential through a fourth resistor. 

8. A poWer control loop comprising: 
a poWer arnpli?er having an arnpli?er input and an 

arnpli?er output; 
a RF input for receiving RF poWer, said RF input coupled 

to said poWer arnpli?er; 
a variable attenuator disposed betWeen the RF input and 

the poWer arnpli?er, the variable attenuator having a 
control signal input; 

a RF output coupled to said arnpli?er output, said RF 
output containing a linearly arnpli?ed signal; 

a directional coupler coupled to the arnpli?er output; 
a cornpensated RF poWer detector, said cornpensated RF 
poWer detector having a detector input and a detector 
output, said detector input coupled to said directional 
coupler, said detector output containing a temperature 
dependent detected voltage; 

a variable RC circuit comprising a control circuit for 
providing temperature dependent resistance and a 
capacitive elernent coupled to said cornpensated RF 
poWer detector; 

a supplied reference terrninal containing a supplied ref 
erence voltage, said supplied reference voltage de?ning 
a correct measure of said linearly arnpli?ed signal; 

a comparator having a ?rst input, a second input and a 
output, said ?rst input coupled to said detector output, 
said second input coupled to said supplied reference 
terminal, said output containing an error signal; and 

a loop ?lter having an input and an output, said input 
coupled to said output of said cornparator, said loop 
?lter ?lters said error signal and supplies said control 
signal to said control signal input. 

* * * * * 


